We report the viability of the Type I seesaw mechanism in 3 generation renormalizable SO(10) GUTs based on the 210 − 10 − 126 − 126 − 120 Higgs system. The 120 -plet and 10-plet Higgs fit charged fermion masses while small 126-plet couplings enhance Type I seesaw neutrino masses to viable values and make the fit to light fermions accurate. For the 3 generation CP conserving case we display accurate charged fermion fits (χ 2 tot < .2) which imply Type I neutrino masses 10 2 − 10 3 times larger than the 10 − 126 scenario. The correct ratio of neutrino mass squared splitting, large(θ P M NS
Introduction
The discovery of neutrino oscillations has driven an intense wave of research into supersymmetric seesaw mechanisms, Leftright symmetric models and particularly the minimal Supersymmetric Grand Unified Theory 1 (MSGUT) with Higgs multiplets 210 − 10 − 126 − 126 . GUT scale Spectra, threshold effects and fermion spectrum fits 2, 3 have all received much attention. Until last year this 'Babu-Mohapatra' (BM) program seemed successful and accurate generic fits to all known fermion data using Type I, Type II and mixed seesaw mechanisms were obtained 3 . However it was just assumed that the required overall scale and relative strength of the Type I and Type II seesaw masses could be realized in appropriate Susy GUTs. The first survey 4 of this question in the MSGUT revealed serious difficulties in obtaining Type II over Type I dominance and also in obtaining large enough Type I neutrino masses. Using a convenient parametrization of the MSGUT spectra and couplings in terms of the single "fast" parameter (x) which controls MSGUT symmetry breaking , as emphasized by the authors of the first reference in [8] , a complete proof was then given 5 of the failure of the Seesaw mechanism in the context of the MSGUT and confirmed by another group 8 . We also suggested 5,6 a fix for the problem of too small seesaw masses using an additional 120plet. In our fitting ansatz the small 126 -plet couplings give appreciable contributions only to light charged fermion masses and enhance the Type I seesaw masses to viable values since the Type I seesaw masses are inversely proportional to the 126 coupling. The 2-3 generation case was first analyzed 6 as a toy model of the dominant core of the complete hierarchical fermion mass system. Consistency required m b − m s = m τ − m µ at the GUT scale M X and predicted near maximal PMNS mixing for wide parameter ranges. In the current contribution we report on the extension 7 of our 2 generation toy model to the 3 generation CP conserving case using a procedure based on an expansion in a Wolfenstein type parameter around the dominant 23 generation core of the fermion hierarchy.
Seesaw Failure in the MSGUT
The Type I and Type II seesaw Majorana masses of the light neutrinos in the MSGUT are (ĥ,f are proportional to 10, 126
Yukawas) : 
The new 10 − 120 − 126 scenario
To resolve the difficulty we proposed 5,6 that 126 couplings be reduced much below the level where they are important for 2-3 generation masses and introduced 120 plet for charged fermion mass fitting (previously accomplished by 126 couplings comparable to those of the 10-plet). Fermion masses in such GUTs are( m : Dirac, M : Majorana):
) where r i are coefficients fixed by the Susy GUT. We assume CP conservation i.e fermion Yukawa couplings and coefficients r i are both real. Note that with only r i complex and the Yukawa couplings real (i.e spontaneous CP violation) the resulting NMSGUT has only 12 Yukawa coupling parameters i.e 3 less than in the MSGUT with complex Yukawas ! Matching mass terms above to renormalized MSSM mass matrices at M X introduces unitary matrices (specifying the MSSM⊂MSGUT embedding) which are of vital relevance for calculation of exotic signatures 4 :m 
the ambiguous sign above corresponds to the branch of the 2 generation model that one is expanding about i.eÂ 2 ± = 0 for χ l = ±χ l .The definitions are such thatŜ 2 = 0 ⇒ S 3 = 0 reduces toŜ 1 = 0. These equations are too complicated to solve analytically in the 3 generation case. Our approach 6, 7 is to consider the 23 sector as the dominant "core" of the fermion mass hierarchy and to expand around it. With our reality assumption all unitary matrices can be given the parametrization(O ij are orthog- 3+δ whenr 2 ∼ ǫ δ . This ensures the enhancement of Type I neutrino masses that is the rationale for this fitting scenario.
We expand all the orthogonal matrix angles (θ, φ, χ) u,d,l,D as well as the free parameterr 2 in powers of ǫ and take χ The Type I seesaw mass formula iŝ
P is the PMNS matrix and D ν the light neutrino masses at M X . N diagonalizeŝ n :n = Nn diag N T .
Examples of 3 generation fits
We have obtained a number of examples of acceptable fits -modulo the assumption that CP violation is neglected-by going to high orders in ǫ (sometimes as high as O(ǫ 20 )). For reasons of space we confine ourselves to quoting the values found for one such fit: r 1 = 15.27 ;r 2 = 0.255 ; r 6 = 0.0187 ; r 7 = 0.023305. 
32 gives 6 solutions which are however 3 closely related pairs. One finds that in only one case is θ 23 large and θ 13 reasonably small. However the value of the 12 sector mixing is very low. On the other hand the large ( about 200 times larger than the Type I fits in the 10 − 126 scenario : see below) value of the largestn eigenvalue together with the satisfactory value of the mass squared splitting ratio means that the problem with too small neutrino masses is unlikely to appear even for generic values of the GUT scale breaking, leave alone regions where the coefficient function F I is itself large.
In the almost viable case r 
Discussion, Conclusions and Outlook
We have reported progress towards a completely realistic fit of all known charged fermion and neutrino mass data using the mass relations and RG evolution common to any SO(10) Susy GUT with a 10 − 120 − 126 FM Higgs system. Specifically, we have shown that in the quasi realistic 3 generation but CP preserving(real) case we are able to obtain accurate charged fermion fits, neutrino mass parameters and a PMNS mixing pattern that can be large in the 23 sector and small in the 13 sector. The remaining deficiencies, namely simultaneous large mixing in the 12 sector and the fit of the MSSM CKM CP phase in the first quadrant can presumably be remedied in the complex 3 generation case, in close analogy with the 10 − 126 case where a successful Type I fit could be found 3 only when CP violation was introduced. Very recently another group has implemented our scenario in the 120 extended MSGUT with spontaneous CP violation and an ad-hoc Z 2 symmetry imposed to improve tractability. Using the "downhill simplex" method of non linear fitting they obtain a very accurate and realistic 3 generation fit 10 . With the completion of this program we will be in possession of a well defined Susy GUT compatible with all low energy data as well as information on the embedding of the MSSM in the MSGUT ( coded in the Unitary matrices Φ u,d,l , D ) which emerges as the most valuable corollary product of the fitting procedure 4 . It is only then that we will be able to enter the third phase of the GUT program in which the exotic process (∆B = 0, LFV etc ) predictions will finally be linked sufficiently tightly to low energy data as to make the search for exotic processes a falsifiability test rather than a hopeful check on a lottery bet.
